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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a crystal growth vessel fabricated 
so as to prevent cracks from being generated in the single crystal, at a low 
cost. 

SOLUTION: This growth vessel is used at the time of performing the growth 
of a HI-V group compound semiconductor single crystal, that comprises: 
placing a HI-V group compound semiconductor raw material and B203 in a 
growth vessel; heating the raw material and B203 to melt them; and 
gradually cooling the resulting melt. At this time, as shown in the figure, by 
coating at least the inner surface of a quartz growth vessel 1 with carbon 
11, sticking of a growing crystal or B203 to the inner surface of the vessel 
1 can be prevented from occurring to prevent cracks from being generated 
in the growing crystal. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] It is m-V in a growth container. A group compound semiconductor raw material and B-2 03 It puts in. It heats at 
a heater and is said raw material and B-2 03. It is III-V by dissolving and cooling the melt gradually. It is the growth 
container used in case a group compound semiconductor single crystal is grown up. This growth container is III-V 
characterized by being made of the quartz and covering the inside with carbon at least. Growth container of a group 
compound semiconductor single crystal. 

[Claim 2] The thickness of said carbon layer is III-V according to claim 1 preferably characterized by being [ 10 
micrometers - 200 micrometers ] 50 micrometers - 100 micrometers. Growth container of a group compound 
semiconductor single crystal. 

[Claim 3] Said carbon layer is III-V according to claim 1 or 2 characterized by being made of a graphite or amorphous 
carbon. Growth container of a group compound semiconductor single crystal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — III— V the growth container pan of a group compound semiconductor single crystal - 

- B-2 03 using — ID— V the crystal growth container used in case the raw material melt of a group compound 
semiconductor is cooled and a single crystal is grown up — being related — B-2 03 [ for example, ] using — perpendicular 
gradient freezing (VGF) — law and perpendicular Bridgman (VB) — it is related with the growth container used in case a 
GaAs single crystal is grown up by law. 

[0002] 

[Description of the Prior Art] III-V, such as GaAs and InP, as the manufacture approach of a group compound 
semiconductor single crystal — liquid closure CHOKURARU skiing (LEC) — law and level Bridgman (HB) — law and VGF - 

- law and a VB method are known. 

[0003] While there is the advantage in which a circular wafer is obtained with the diameter of macrostomia in an LEC 
method, since the temperature gradient of the growth direction under crystal training is large, there is demerit in which the 
consistency of a rearrangement used as the cause which causes electric property degradation when producing an electron 
device must perform the well-known high diameter controlling method. 

[0004] Since the temperature gradient of the growth direction under crystal training is small, while there is the advantage in 
which the crystal of low dislocation density is obtained, there is demerit in which only the wafer of a configuration (boiled- 
fish-paste form) for which diameter[ of macrostomia ]-izing is not only difficult, but depended on the crucible configuration 
is obtained in order to solidify raw material melt within a crucible (boat) in the HB method. 

[0005] VGF and a VB method are theoretically the same, and are the crystal manufacture approach of having harnessed 
each advantage of an LEC method and the HB method. Since the temperature gradient of the crystal growth direction 
where a circular wafer is obtained by use of the crucible of a closed-end cylindrical shape is small, there is an advantage 
that the reduction in dislocation density is easy in the VGF method and a VB method. 

[0006] In 3 pages - 36 pages of 35 semi-conductor researches, it is B-2 03. The report about research into which the 
GaAs single crystal was grown up by the VB method is indicated closing. In this report, it is the inside of a crystal growth 
container (crucible) B-2 03 If it is made for the end crater and raw material melt which have been covered not to contact, 
it is suggested that it can prevent that polycrystal is generated from the front face of the crystal under training. 
[0007] However, when the crystal growth container made from a quartz is used, it is a quartz and B-2 03. Since wettability 
is good and the wettability of GaAs melt and a quartz also has it, it is B-2 03 during cooling (i.e., after crystal training). A 
growth container and a training crystal fix and there is a fault that a crack will occur in large quantities from a crystal 
shoulder. [ good ] 

[0008] Moreover, although there is also a thing made from p-BN (pyrolysis boron nitride) as a crystal growth container, the 
container made from p~BN has the fault of it being expensive compared with the container made from a quartz, and causing 
increase of a crystal manufacturing cost. 

[0009] Then, fixing with a crystal growth container and a training crystal is prevented, or the proposal about the growth 
container which comes to cover the front face of a container with an ingredient of a different kind or of the same kind for 
the various purpose, such as preventing polycrystal-ization, is made. 

[0010] For example, it is indicated by the JP.3-122097.A public presentation official report about the crucible which comes 
to cover the inside of the crucible made from p-BN with powder, such as boron nitride. By using this crucible, fixing with a 
crucible and a training crystal can be prevented and it is supposed that a crystal ingot can be easily taken out from a 
crucible. 
[0011] 

[Problem(s) to be Solved by the Invention] However, with the technique indicated by JP.3-1 22097.A, since the crucible to 
be used is a product made from p-BN, there is a fault of causing the increase of cost. 

[0012] It was made in view of the above-mentioned situation, and this invention is B-2 03. It uses and is III-V. It is the 
crystal growth container used in case a group compound semiconductor single crystal is grown up, and is fixing with a 
training crystal and a growth container, and B-2 03. It aims at it being cheap and offering the crystal growth container 
which enabled it to prevent that a crack occurs into a crystal by fixing with a growth container. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention is III-V in a growth 
container. A group compound semiconductor raw material and B-2 03 It puts in. It heats at a heater and is said raw 
material and B-2 03. It is III-V by dissolving and cooling the melt gradually. It is the growth container used in case a group 
compound semiconductor single crystal is grown up. This growth container is made of the quartz, and the inside is covered 
with carbon at least. Since it is prevented by it that the raw material melt of a training crystal contacts this melt and a 
wettability good quartz part, while fixing with a training crystal and a growth container inside is prevented, it is a carbon 
layer and B-2 03. Since wettability is bad, it is B-2 03. Since fixing with a growth container inside can also be prevented, 
generating of the crack resulting from those fixing can be prevented. 

[0014] In this invention, 10 micrometers - 200 micrometers of thickness of said carbon layer are preferably good in it being 
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50 micrometers - 100 micrometers. Moreover, said carbon layer may be made of a graphite or amorphous carbon. 
[0015] In addition, a good reason with the thickness of a carbon layer being 10 micrometers - 200 micrometers If the 
thickness of a carbon layer does not fulfill said lower limit, it is B-2 03. A part for Nakamizu and carbon react. Direct B-2 
03 A growth container touches and it is a training crystal and B-2 03. The fixing prevention effectiveness with a growth 
container is not fully acquired, but, on the other hand, it is because a carbon layer will exfoliate easily from the inside of a 
growth container if thicker than said upper limit. Moreover, if the thickness of a carbon layer is 50 micrometers - 100 
micrometers preferably, it is B-2 03. There is an advantage which the fixing prevention effectiveness is fully acquired, 
without the carbon coat of a growth container disappearing even if a part for Nakamizu and carbon react, and can form a 
carbon coat in a short time. 
[0016] 

[Embodiment of the Invention] The longitudinal section of an example of the crystal growth container concerning this 
invention is shown in drawing 1 As shown in this drawing, this crystal growth container 1 has done inside 10a by being 
covered with the carbon layer 11, even if there are few container bases 10 made from a quartz fabricated by the request 
configuration. 

[0017] 10 micrometers - 200 micrometers of thickness of the carbon layer 11 are 50 micrometers - 100 micrometers 
preferably. 

[0018] Moreover, the crystalline forms of the carbon which forms the carbon layer 1 1 are amorphous carbon, such as a 
graphite or glassy carbon, and pyrolytic carbon. In order to cover a graphite or amorphous carbon to the container base 10, 
the container base 10 is installed in the reaction chamber of a heating furnace, and while making the inside of the reaction 
chamber into a vacuum ambient atmosphere or an inert gas ambient atmosphere, it heats to predetermined temperature at 
a heater, and carries out by introducing and carrying out the pyrolysis of hydrocarbon gas or halogenated hydrocarbon gas, 
such as methane and benzene, into a reaction chamber. Or carbon is made into an evaporation source, and the body 10 of a 
container is installed in a chamber, and it may be made to carry out vacuum deposition of the carbon to the body 10 of a 
container. Moreover, it is possible not only the approach mentioned above but to make carbon cover with various well- 
known approaches. 

[0019] Next, as mentioned above, the crystal growth approach using the growth container 1 of the container base 10 made 
from a quartz which comes to cover carbon inside at least is explained. 

[0020] First, while installing seed crystal in the seed crystal installation section 12 (R> drawing 1 1 reference) of the growth 
container 1, it is III-V in the growth container 1: B-2 03 which is the raw material and liquid encapsulant which consist of 
polycrystal of a group compound semiconductor It puts in. And it closes, after installing the growth container 1 in the ampul 
made from a quartz and carrying out evacuation of the ampul. 

[0021] Then, ampul is installed in a vertical mold heating furnace, and it heats at a heater, and is B-2 03. A raw material is 
dissolved. The output of a heater is adjusted, and a single crystal is grown up toward the upper part by cooling raw material 
melt from a seed crystal side to the temperature below the melting point gradually, maintaining a temperature gradient 
which serves as an elevated temperature from a seed crystal side gradually toward the upper part of raw material melt. 
[0022] Since the inside of the growth container 1 made from a quartz is covered with the carbon layer 11, while the 
container itself is cheap according to the above-mentioned operation gestalt, it is B-2 03 during crystal training. And since 
it is prevented that a training crystal fixes in the growth container 1, it can prevent a crack occurring into a training crystal. 

[0023] in addition, the above-mentioned operation gestalt — setting — this invention — VGF — although the case where it 
applied to law was explained, this invention is applicable also to a VB method. 

[0024] Moreover, the classes of crystal raisable with the application of this invention are III-V, such as GaAs and InP. It is 
the single crystal of a group compound semiconductor. 

[0025] Furthermore, this invention is applicable not only to the single crystal of undoping but manufacture of the single 
crystal which doped the impurity. In that case, the raw material of a single crystal and B-2 03 which are grown up into the 
growth container 1 What is necessary is just to charge the impurity which serves as a dopant together, in case it charges. 
[0026] 
[Example] 

(Example 1) First, the quartz container with a die length of 180mm was installed in the reaction chamber of a heating 
furnace for the diameter of 80mm, and evacuation of the inside of the reaction chamber was carried out to 2x10-6Torr. 
And the reaction chamber was heated at 1000 degrees C at the heater, and 70Torr installation of the methane (CH4) gas 
was carried out into the reaction chamber. It holds for 10 minutes, the pyrolysis was carried out, and the crystalline form 
formed the carbon layer of amorphism in the inside of a quartz container by thickness with an average of about 50 
micrometers. The quartz container covered with carbon was picked out from the heating furnace after cooling, and this was 
made into the crystal growth container. 

[0027] Next, the seed crystal with which growth bearing becomes the seed crystal installation section of the produced 
crystal growth container from the GaAs single crystal of <100> is put in, and it is B-2 03 [ 100g ] in a crystal growth 
container further. It is ****** about 3000g GaAs polycrystal. And after installing the crystal growth container in quartz 
ampul, evacuation of the quartz ampul was carried out to 1x10-6Torr, and it closed with the hydrogen burner. The quartz 
ampul which carried out the vacuum lock was installed in the vertical mold heating furnace. 

[0028] B-2 03 which energized at the heater of a heating furnace, heated the crystal growth container so that the upper 
limit and raw material of seed crystal might serve as temperature of 1238 degrees C - 1255 degrees C, and was charged in 
the crystal growth container GaAs polycrystal was dissolved. It adjusted so that the temperature distribution after fusion of 
B-2 03 and GaAs polycrystal and in melt went by the temperature gradient which is 5 degrees C/cm up, and it might 
become an elevated temperature, it cooled so that the training rate of a crystal might be set to per hour 2mm after that, 
and the crystal was raised. 

[0029] When the heating furnace got cold to near the room temperature, quartz ampul was taken out from the inside of a 
furnace, it was broken and the crystal was taken out. When the obtained crystal was investigated, the overall length of 
100mm was covered from seed crystal, and it was a perfect GaAs single crystal. Moreover, in the single crystal ingot, the 
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' crack'had not occurred at all. 
[0030] (Example 2) the pyrolysis time amount of the methane (CH4) gas of an example 1 is changed — making — an inside 

— an average of — the GaAs single crystal was raised on the same crystal training conditions as the above-mentioned 
example using the crystal growth container made from a quartz which the crystalline form covered with the thickness of 
about 10 micrometers in the carbon layer of amorphism. The obtained crystal was a single crystal. Moreover, in the single 
crystal ingot, the crack had not occurred at all. 

[0031] (Example 3) the pyrolysis time amount of the methane (CH4) gas of an example 1 is changed — making — an inside 

— an average of — the GaAs single crystal was raised on the same crystal training conditions as the above-mentioned 
example using the crystal growth container made from a quartz which the crystalline form covered with the thickness of 
about 100 micrometers in the carbon layer of amorphism. The obtained crystal was a single crystal. Moreover, in the single 
crystal ingot, the crack had not occurred at all. 

[0032] (Example 4) the pyrolysis time amount of the methane (CH4) gas of an example 1 is changed — making — an inside 

— an average of — the GaAs single crystal was raised on the same crystal training conditions as the above-mentioned 
example using the crystal growth container made from a quartz which the crystalline form covered with the thickness of 
about 200 micrometers in the carbon layer of amorphism. The obtained crystal was a single crystal. Moreover, in the single 
crystal ingot, the crack had not occurred at all. 

[0033] (Example 1 of a comparison) The GaAs single crystal was raised on the same crystal training conditions as the 
above-mentioned example using the crystal growth container made from a quartz which has not covered the inside with a 
carbon layer. Although the obtained crystal was a single crystal, many cracks had occurred. 

[0034] (Example 2 of a comparison) the pyrolysis time amount of the methane (CH4) gas of an example 1 is changed — 
making — an inside — an average of — the GaAs single crystal was raised on the same crystal training conditions as the 
above-mentioned example using the crystal growth container made from a quartz which the crystalline form covered with 
the thickness of about 5 micrometers in the carbon layer of amorphism. Although the obtained crystal was a single crystal, 
many cracks had occurred. 

[0035] (Example 3 of a comparison) the pyrolysis time amount of the methane (CH4) gas of an example 1 is changed — 
making — an inside — an average of — the GaAs single crystal was raised on the same crystal training conditions as the 
above-mentioned example using the crystal growth container made from a quartz which the crystalline form covered with 
the thickness of about 300 micrometers in the carbon layer of amorphism. Although the obtained crystal was a single 
crystal, a part of carbon layer of the crystal growth container made from a quartz had exfoliated, and many cracks had 
occurred from the part. 
[0036] 

[Effect of the Invention] According to this invention, it is B-2 03. It uses and is III— V. Since [ of the growth container made 
from a quartz used in case a group compound semiconductor single crystal is grown up ] the inside was covered with 
carbon at least, while a crystal growth container is cheap It is fixing with a training crystal and a growth container inside, 
and B-2 03 during crystal training. Since fixing with a growth container inside is prevented, generating of the crack 
resulting from those fixing can be prevented. Therefore, since a single crystal without a crack is raisable with sufficient 
repeatability, sharp reduction of a crystal manufacturing cost can be aimed at. 

[0037] In addition, it is indicated about the boat which covered the lateral surface of the boat made from a quartz with 
carbon or an alumina in the JP.62-2781 84.A public presentation official report, and raised thermal reinforcement to it. By 
using this boat, deformation of the boat under crystal training is controlled and it is supposed that a good crystal without a 
defect of shape can be manufactured. 

[0038] Moreover, it is indicated about the container which comes to form in a JP,6-239686,A public presentation official 
report the oxide layer which contains the configuration element of this container in the inside of the vertical mold container 
for crystal growth. By using this container, it is supposed that it can prevent that a training crystal polycrystal-izes from a 
container inside. 

[0039] Moreover, in the boat for E-VI group compound semiconductor single crystal growth, the inside of the boat made 
from a quartz is formed in a split face, and it is indicated by the JP.63-1 23892.A public presentation official report about 
the boat which comes to cover the split face with the carbon film. By using this boat, generating of the pore between a 
boat wall surface and a training crystal can be prevented, and it is supposed that the crystal of high quality will be obtained. 

[0040] Moreover, the inside of the crucible made from carbon is covered with glassy carbon, pyrolytic carbon, or silicon 
carbide in a JP.2-289484.A public presentation official report, and it is indicated about the crucible which comes to smooth 
an inside. It is supposed by using this crucible that the single crystal of a high grade will be obtained. 
[0041] Moreover, it is indicated by using for JP.63-303884,A the container which comes to cover the inside of the ampul 
made from a quartz with the carbon film that it can prevent that Cd and Zn, and quartz ampul react at the time of growth 
of cadmium, zinc, and a tellurium compound semiconductor single crystal. 

[0042] However, it is unknown in whether the fixing prevention effectiveness of a boat, a growth container, and a training 
crystal is acquired with the technique indicated by each official report of JP.62-2781 84.A and JP,6-239686,A. Furthermore, 
the technique which the example applied to training of an II— VI group compound semiconductor single crystal is only 
indicated by each official report of JP.63-1 23892.A, JP.2-289484A and JP,63-303884,A, and was indicated by these 
official reports is B-2 03. It uses and is III— V. It is unknown whether it is effective also about the case where a group 
compound semiconductor single crystal is raised. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section showing an example of the crystal growth container concerning this 
invention. 

[Description of Notations] 

I Crystal Growth Container 
10 Container Base 

I I Carbon Layer 
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u*b 2 03 zmmL. *<DMte&&xizft&?$>^tiz 
.fcyin -v snb^^)*®(**^ B B a ^j*s^-y-^i^i=fii 

fey. 'M-< ttf ©wii!)^-^>i?ai?tiru5 

<t 5l=LfctftT-fci)„ -5-H(=J:^-C. W)S*SaftJ^f4 

ih$n^t<fctl=, -h-if^mt&i 03 t©iiti14*< 
Bt^fcft. B2 03 <tJ&*#^ffi<hft@^Rfcjh-c# 
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[0 0 14] :^i:^ut, mtt—tf^mcDmZ 

l£ 1 0 U m~ 200/im, L < it 5 0 \l m~ 1 0 0 

[0 0 15] ;b — 7fC>d(7)il^7!)<1 0/im-2 0 

(SitlC^/cftl^. B 2 03 *7k»<t^-+:>jb<JSi£ 
U S^B 2 03 i:l£IfWgLtL*U, WJ£$SH 

si/B2 03 tf&^&t<Dmmm±$h%:tf-t'Aizm£> 

Jl— ^>Jf CDJ1£;6<*?£ L < 1*5 O £<m~ 1 OO/imt 
fo*U£\ B2 03 *7K^dr±l-7K>^<SJSLTt/£^ 

[0 0 16] 

mwoymmcoxm] mmz\^ *mwizm 

S5!tf>§^IS{*1 OC0'>&< <ttl^® 1 O atfil — 7tf>Jf 

1 1 r^a*nr-T?#TLN§ e 

[0 0 17] *J — 7^>J1 1 1 1 0 jUm~2 0 

O^nr-K SiL<li50//m-1 00/imt^S o 

[0018] *)-*>fii 1 £j&j£-f 3±i--7t-;> 
r>mm s»a-r 4 1- 1* * i£anf»^<7>£!ESwicgss 

scticfcytr?. *— *>t««Ba[t u 

I*3(CSS5*(*1 OgRtLr8S**1 Olc 

Lfc^&icK&r* a*a>*Mna>*afcicj:y 

[0 0 19] ±&Lfccfc5lc5K»<D«»»i*i 

[0 0 2 0] Jfi*§» 1 (Dfl$£Jli£MS|i 1 2 (B 

1 #15!) Wl::a*Sa£8SirrSfc fc tic. j&S&Sin 

ttih#jT?ft4B2 03 £A*i6o fit, ^cD^feSSS 

[0021] «L^r7>^*«aiaiMFi3»BL. t 



*l::l5*Mfc»£a*Saffl^^ 

c £ ic ct y a £ ±J5 1 c ft o r j$s $ -y- & . 
[0022] ±nnn»m~*tin+ 5*«a>**s» 
ia)nffii<*-*>n 1 ic<fey*«**Lri^4fc». 

SSaft^Sffl-efcitttlc. «A19A4>I=B2 03 
&Lraj3asa#J£fi®Sl lcB3fr-&0)4<R&ih**t5a> 

[OO 2 3] ±EIS»J&ffilZ^TIi#SS«l£V 
G F;£fZigffi Lfcft^fZOlNTHE Lfc#s *S£Bj}|£ v 

[0 0 2 4] &tz. **BB*3SfflLT*fiE-(?&*teaa> 
aiStt. G a A s I nP^CDMI-V BHt-&1Sl¥SH* 

[00 2 5] *S6ISI4 % T>K— 3f(7>meat£ 

*fsa<z>JS*4fB2 03 ^v-^-rspgrc. -icK 

[0 0 2 6] 

[H!S#J] 

(^Sfe#J 1 ) > M8 OmmT?§£ 1 8 OmmCD^B^^ 

0-6Torr*-eXffi#«Lfc. fit, fc — * (c,fc y JRJ6. 

O 0 0°CI::j!>Df»U SP5^P^IZ>^> (CH4 ) 
#Xfc7 0Torr*ALfc. 1 0»IB«»L»5M»*-&. 
53S8»0)rtffifz3FlStt 50// m<DJ*2F -e«a^«BA<«l 

[0027] ffHL«:eaAa8«a>aieasa 
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[00 3 1 ] 1 C0*$> (CH4 ) 

CO J? * T'$S B B B ff^*<IS SJfcco * -TfOH L 7=531 
gCO$SAJj!cg§S£ffll\ .hS£lfe0iU:l3i:&A*J&& 
#"CG a A s JMgAfl>Wfi££ffofc. ^^tlfc^Stt* 
*SAT?fcofc. g=fc, •troJMSA-f:'^ Hcttf^v 

[0 0 3 2] (HSS0IJ4) SlSSeiJI CO;* 9 > (C H4 ) 
:tfXCOgft»fi?B#(tl]£^b£-fe!\ P^ffi^¥lS)$1l2 0 0 /im 
CO J?£ "Cg A fi2IB *<*t j£»<D 2) >H "CiSES L fcSf? 

$k<»mikf$.3:&&£mi\ ±ummm t n i;$s B B B wj&ft 

#T'G a A sJ|MgACOitJ?££fro*:. » ibtl-fdlSAIiiti. 
[003 3] (J£$$09l ) l*3®£*J — ^>I-CtSLt 

L^L^3iSico$safigft§s^fflLN. ±teni£0i]<t^c 

$SAWj$iiM*T-G a A s**SA(DWfifc£fT-3*:. #6*1. 
A l&J*8 a B B T? tb o tz A< . £ fit co ? ^ v 1 tf§k$L L r 

[0 0 3 4] (ttSc«2) ^SS0iJ 1 C0> ^ > (CH4 ) 
**^«7)»»»B#|»*SEfcSt*. Wffi 5 /imCDJ* 

$£ B B B /£g;§Ss£mv ±iB*jfi«trai:«a*fiR*fr-c 
[ o o 3 5 ] (jt&m 3 ) mmm i o>* $ > <ch 4 ) 

COd £ -CteAKS ±> —i£ >m r-ffltS L. f= 515 

K0>£AJftft88$f3lV ±fg§lJS0IJ t ft CttAWtitft 
tttGa A sJMSAOTWfifcSfrofc. ft^JlfeeAf** 
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±LTUfc. 
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[0 0 4 2] L^L. *#g3BS6 2-2 7 8 1 8 4#fttf 
^BB¥6- 2 3 9 6 8 6-^0#^ffilZgg^$^fcat»T* 

i*. K^^^tw/*^ B B B ^cD©^i»ihsajmw# 

t)*lS^BjT*&S e ^^IC. »#BBeB6 3-1 2 

3 8 9 2§, .ftm^ 2-289484 ^-S^BBHa 6 3 
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t fe 4 A^gaEiMiTW r* fc £ o 
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